Derivation of the distribution function of a speciation time in the reconstructed tree I will show that the derivative with respect to t of Equation (6) is identical to Equation (5):
(r(t,T )) 1 − P (N (T ) > 0|N (t 1 ) = 1)e (r(t 1 ,T )) = λ(t)P (N (T ) = 1|N (t) = 1) 1 − P (N (T ) > 0|N (t 1 ) = 1)e (r(t 1 ,T ))
The only factor depending on t is the second term in the denominator and the rest can be dropped
N (T ) > 0|N (t) = 1)e (r(t,T )) = λ(t)P (N (T ) = 1|N (t) = 1)
d dt e (r(t,T ))
+
T t µ(s)e r(t,s) ds = λ(t)e r(t,T )
(1 + T t µ(s)e r(t,s) ds) 2 .
I use the rule that the derivative of f (t)/g(t) equals (f (t)g(t) − f (t)g (t))/g 2 (t) with f (t) = e r(t,T ) , g(t) = 1 + T t µ(s)e r(t,s) ds and the derivatives
and using Leibniz integral rule
f t (t, y) dy with a(t) = t and
Finally, by combining the partial result and simplifying the equation I finish the
Simulation study on the Maxim Likelihood
Estimator
The aim of this simulation study is to identify the bias induced by the MLE on a constant rate pure birth model, a constant rate birth-death model and a decreasing speciation rate birth-death model. I simulated 1000 trees under complete taxon sampling for the time of the process T ∈ {0.25, 0.5, . . . , 5} and conditioning on survival of the process under (1) a constant rate pure birth process (λ = 1.0) (2) a constant rate birth-death process (λ = 1.6, µ = 0.8) and (3) a birth-death process with a decreasing speciation rate (λ(t) = 1 + 4 * exp(−1 * t), µ = 1). Then, I estimated the model parameters λ, µ and α for each tree choosing the true model. Here I present the results for the constant rate pure birth model and the constant rate birth-death model. The results of the birth-death model with a decreasing speciation rate was present in the 
Simulation study on the Efficacy of the BIC
In the main text I discussed the efficacy of the Akaike's Information Criterion corrected for finite samples (AICc) to select the best model. Here, I repeat the simulation study but using the Bayesian Information Criterion (BIC) instead of the AICc. The simulation study design is as follows: I simulated 100 trees with n = 100 taxa under (1) a constant rate pure birth process, (2) a decreasing rate pure birth process and (3) a constant rate birth-death process with ρ ∈ {0.05, 0.15, . . . , 0.95} once under uniform taxon sampling and once under diversified taxon sampling. For each tree the best model out of the six mentioned models in Table 1 was selected. For the constant rate pure birth process I choose the rate λ = 1.0; for the decreasing rate pure birth process I choose the rate function λ(t) = 4.0 * exp(−0.5 * t) and for the constant rate birth-death process I choose the rates λ = 1.0 and µ = 0.75. Empirical results on the empirical phylogenies I estimated the MLE for the six different models under uniform sampling and diversified sampling on three empirical datasets: ants [1] , mammals [2] and snakes [3] . Here I present the results of the analyses including the model adequacy tests. The MLEs were obtained in R using the function optim, see also the R scripts deposited in the Dryad data repository at doi.org/10.5061/dryad.rd2s3. The model adequacy tests were performed using a parametric bootstrap by simulating 10000 trees under the MLE parameters and computing the number of taxa, the γ-statistic and the time of the process to reach n taxa. 
